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voltage levels heretofore, e.g. under 50 kv., employs 
gradient dividing resistors and is operated in the atmos- 
phere or open air. Corona rings are generally affixed to 
the gradient dividing resistors to reduce corona losses. 
The gradient divider has the characteristics of dis- 
tributing the potential evenly over the resistor body. This 
even distribution equalizes the charge at any given point 
along the divider thereby distributing the stress over a 
wide area. This characteristic of the gradient ‘divider also 
10 prevents intense fields from establishing at any given point 
and thereby prevents the creation of conditions which ABSTRACT OF THE DISCLOSURE 
A high voltage divider system having gradient divider may precipitate a sputter and a subsequent imon release 
resistors enclosed in a corona inhibiting environment. which serves as a vehicle for an “avalanche” of electrons 
The electrical apparatus is housed in a vapor tight con- and total flashover. The corona rings have the effect of 
tainer with a desicant and a fan for Circulating the en- 15 smoothing out the electrostatic fields which tend to  be 
closed air. established at the junctions between resistors and thereby 
reduce the tendency to precipitate a sputter and subse- 
The invention described herein may be manufactured quent “ ~ v a h c h e . ”  
and used by or for the Government of the United States One problem, however, in these gradient divider sys- 
of America for governmental ,purposes without the pay- 20 terns is that moisture deposited on the surface of the 
ment of any royalties thereon or therefor. gradient divider alters its surface resistivity at that point. 
The present invention relates generally to high voltage The moisture also has the property of altering the inter- 
divider systems and relates more particularly to voltage face between it and the gradient divider resistor surface 
divider apparatuses for attenuating high voltages to con- SO as to Create an electron build-u’p which may precipitate 
venient levels suitable for introduction, with minimal leak- 25 a sputter and subsequent “avalanche” of electrons result- 
age losses, to measuring circuits. ing in total flashover. Explained another way, if it is con- 
The high voltage divider apparatus of the present in- sidered that the surfaces of the resistors constitute one 
vention is particularly suited for operation at potentials dielectric and that the moisture constitutes another, then 
Over 50 kilovolts. It is especially useable with 150 kv. a potential is developed along their interface and is in a 
meters for determining the accuracy of meter calibration 30 ratio O f  the differences of their resistivities. In view of the 
and for determining the voltage outputs of power supplies Potential which possibly may be developed along this 
associated with the and testing of high energy interface, it would appear that the electron concentration 
electronic equipment, for example, ion thrusters. at these points can be in the power of several orders of 
Prior systems employed for high voltage measurements 
have generally required that the high voltage divider be 35 These gradient divider systems have been found to 
immersed in an insulating The insulating character- operate erratically under varying humidity conditions. In- 
istic (of the oil prevents, or at least minimizes, losses along creases in humidity, as verified by a psychrometer, appear 
interface surfaces of the resistors employed in the divider to increase corona losses in varying amounts cover the 
be given to the moisture content of the oil and to the 40 increase greatly in the higher kilovoltages (85-100 kilo- 
amount of air entrapped in the oil as they directly affect volts). This erratic operation of the gradient divider sys- 
the insulating qualities of the oil. order to achieve tems when operating in the open air is believed caused 
,optimum electrical insulating characteristics of the oil in by moisture on the surface of the gradient dividers resis- 
these prior systems, it has been generally necessary to tors which tend to alter the resistivity of the resistor sur- 
centrifuge the oil to remove the entrapped moisture and ‘’ faces at that point. 
to evacuate the oil in a low vacuum system to remove In the Present high voltage divider apparatus, gradient 
the entrapped air. divider resistors are enclosed in a corona inhibitive en- 
The oil immersed voltage divider systems have the fur- vironment without, however, the maintenance problems 
ther disadvantage of being very heavy due to the quantity 5o and expense associated with the prior systems utilizing in- 
divider resistors. addition, these systems require a system, the gradient divider resistmors and affixed corona 
great deal of maintenance since it is necessary to main- rings are enclosed in a dielectric housing which is vapor 
tain a minimum insulating value of the oil. This requires tight. A compartment is provided at the bottom of the 
that the insulating oil be tested frequently to assure that housing and is filled with a moisture absorptive or desi- 
dirt, moisture, air and other contaminates are not present 55 cant material, for example, a porous activated alumina 
in the oil sufficiently to alter the electrical characteristics (A1203). A suitable moisture carrying fluid, for example, 
of the oil. ordinary atmospheric air, is caused to circulate over the 
Another prior high voltage divider system employs resistors comprising the gradient divider and then through 
sulphur hexafluoride (SFs) gas, a well-known insulating the deskant compartment. The fluid flowing over the re- 
fluid, to surround and fill the resistor interfaces. A dis- 60 sistors serves as a vehicle for transporting moisture from 
advantage of the sulphur hexafluoride systems is that sev- the divider to the desicant material, where it is absorbed. 
eral pounds pressure is generally necessary to accomplish Removing the moisture from the interfaces in this man- 
successful purging of the system to remove all air. This ner gradient substantially div der system restores and stability significantly to the decreases oper tion corona f the
frequently inspected for leaks. Another disadvantage of Accordingly, an object of the present invention is to 
employing insulating oil, is their extreme cost, both in the is suitable for at high kilovoltage levels with a 
insulating mediums employed and in the Special mechani- minimum of corona loss and good stability, which has cal requirements of the respective systems necessary to 70 a low cost of manufacture and which requires a mini- 
receive the insulating mediums. mum of maintenance. 
Another object of the present invention is to provide 
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system. In these applications, serious consideration must lower and intermediate kilovoltag~ (0-75 kilovolts) and 
of oil required to immerse the interfaces of the voltage sulating Oil Or sulphur hexafluoride gas. In the present 
requires continuous KIaintenance as the system must be 65 losses, particularly at high kilovoltage levels. 
the hexafluoride systems, as well as the systems provide a new and improved divider system which 
Still another prior system used widely at lower kilo- 
3,329,918 
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a voltage divider system wherein the environment sur- droplets from the fluid within the housing as the fluid 
rounding a gradient divider is controlled to remove flows through the desiccant chamber 26 from the divider 
moisture from the gradient divider and maintain it sub- chamber 25. A suitable desiccant material is porous 
stantially moisture free. alumina (AL203). It is preferred that the porous alumina 
Still another object of the present invention is to pro- 5 have a color tracer characteristic which provides a color 
vide a voltage divider system which does not require indication, for example, pink, when saturated with mois- 
insulating oils, special insulating gases and which can ture thereby providing a visual indication of its moisture 
use freely available fluids under ordinary atmospheric content and the condition of the system. 
pressure conditions. The voltage divider comprises a plurality of resistors 
Yet another object of the present invention is to pro- 46, 47 connected in series with each other and across 
vide a new and improved apparatus for attenuating high conductors within the cable 13. Corona rings 48, 49 
kilovoltages to levels suitable for introduction to measur- are affixed to the resistors 46, 47 at their interfaces where 
ing circuits with good stability and minimum losses. connected to each other and to the conductors of the 
Other objects and a fuller understanding of the in- high voltage cable 13. The meter termination lead out 
vention may be had by referring to the following de- 15 wire 14 extends from its tap position within the re- 
scription and claim taken in conjunction with the ac- sistor through the resistor land out its lower end, The 
companying drawing in which: arrangement of the resistors 46, 47, the corona rings 48, 
FIGURE 1 is a perspective view of a voltage divider 49, the cable 13 and the meter termination lead-out Wire 
system of the present invention; 14 is conventional. A suitable gradient divider is shown in 
FIGURE 2 is an elevational view, in cross-section of 20 FIGURE 2. As an illustration of size of a typical suitable 
the volbage dividers of FIGURE 1; and gradient divider, the resistor 46 is 100 megohms, the re- 
FIGURE 3 is a graph comparing corona losses of the sistor 47 is 50 megohms, the corona ring 48 is 10 inches, 
present system to those of a prior system. the corona ring 49 is 8 inches and the cable 13 is gen- 
Referring now to the drawing, the present high voltage erally designated as a RG-19 cable. 
divider system includes a transparent housing 11, a volt- 25 The gradient divider 12 is disposed within the gradient 
age gradient divider 12 disposed entirely within the hous- divider chamber 25 of the housing between the divider 
ing 11, a cable 13 oonnected to the ends of the voltage wall 24 and the top wall 22. The cable 13 extends 
gadient divider 12, ‘and a lead-out wire I4 connected to through the top wall 22 to its outside high voltage source 
the voltage gradient divider 12 between its ends. The connection. The meter termination lead out wire 14 ex- 
cable 13 and the lead out wire 14 extend through open- 30 tends from within the lower resistor 47 into a dead air 
ings 15, 16 in top and side walls of the housing. space within the semi-cylindrical baffle 37 and through 
The entire housing 11 is made of a suitable dielectric the aperture 16 in the side wall 21 to a meter circuit 
material preferably bansparent, for example, methacry- connection or the like. The lower end of the 50 megohm 
late, more commonly known as “Plexiglas.” The housing resistor 47 is fixed to the divider wall 24 by its lower- 
11 includes four elongated side walls 18-21 joined along 35 most portion which extends through a center aperture in 
their longitudinal edges so as to define an elongated the dividing wall 24 to fix the bottom end of the gradient 
rectangular interior space and top and bottom end walls divider in spaced relation to the side walls. A rigid in- 
22, 23 secured to the ends of the side walls. n e  side, sulating stem 51 extends from the top of the resistor 
top and bottom walls 18-23 are secured together and 46 through an in the top wall 22 to fix the UP- 
sealed to define a totally enclosed, vapor proof housing. 40 per end of the gradient divider in spaced relation to the 
A divider wall 24 extends between the side walls 1 ~ 2 1  side walls 18-21. The divider wall 24 as made of a di- 
&tween the top and bottom walls 22, 23 to divide the electric material isolates the moisture absorbing desic- 
space within the enclosed housing 11 into an cant material in its potential free space within the desic- 
upper high voltage, gradient divider chamber 25 and cant chamber 26 from the high voltage space within the 
a lower, potential free, desiccant containing chamber 26. 45 
The divider wall 24 includes fluid openings 27, 28 which A suitable source (not shown) is provided fm energiz- 
provide fluid oommmication between the chambers 25, ing the fan or impeller 30 to cause the fluid to circulate 
26. me side wall 19 includes a removable door 40 for in the space within the housing 11 in a loop fashion as is 
providing acCess to the interior of the desiccant cham- Shown and designated by the amOWS. On a proportional 
ber 26. basis, a five inch fan has been found suitable for the 
A cylindrical fan chamber will 29 is secured to the gradient divider and the housing shown. As is designated 
divider wall around the fluid opening 27 within the by the arrows, the fluid flow is UP through the fan cham- 
cant chamber 26. me fan chamber wall 29 defines a ber, UP one side of the gradient divider chamber with the 
fan chamber communicating with the gradient divider fluid being dispersed and flowing over the entire length 
a lower end. A fan, impeller, or other suitable fluid mov- the gradient divider chamber 25 through the aperture 38 
ing device 30 is disposed within the fan chamber wall 29 into the desiccant chamber 26. Different parts or portions 
for causing fluid to flow from the desiccant chamber 26 of the fluid flow over different parts of the gradient divider 
into one side of the gradient divider &amber 25. ~ a f f l ~ ~  12 throughout its entire length so that fluid flows over all 
33-36, which are quarter-cylinder segments, are provided oo surfaces of the divider. As the fluid flows over the gradient 
at the junctures of the top and bottom walls 22, 23 with divider 12, it Picks UP moisture and droplets from the 
opposite side walls 18, 20. A semi-cylindrical baffle 37 surfaces of the gradient divider and transports them away. 
is secured to the bottom of the divider wall 24 between The fluid then flows through the generally U-shawd 
the fluid apertures or openings 27, 28. The se~-cylin- desiccant chamber and sweeps over and through the alumi- 
drical baffle 37 extends between opposite side walls 19, 05 na* The alumina absorbs the moisture transpmed by the 
21 and is generally parallel to the quarter-cylind&al flowing fluid. The fluid is then drawn from the desiccant 
baffles 35, 36. The baffles 35-37 together define a sub- chamber 26 through the fan chamber into the gradient 
stantially U-shaped space within the desiccant chamber chamber 
26. The quarter cylindrical and semi-circular bafffes In the present system, the fluid serving as a vehicle to 
33-37 are made of a dielectric material, preferably a 70 transport the mOiStUre droplets from the divider to  the 
resinous plastic material such as Mylar. desiccant material is air obtained from the atmosphere. 
A desiccant or moisture absorbent material 45 is de- The present system does not require, therefore, any in- 
posited on the bottom wall 23 within the desiccant cham- sulating oil or insulating gases. Nor does it require the 
ber 26 through the access door 40. The function of the insulating fluid to be under pressure. Ordinary atmos- 
desiccant material 45 is to remove moisture and moisture 75 pheric conditions ,are present except that the environment 
divider 25* 
&amber at an upper end and the desiccant chamber at 55 Of the gradient divider and then down the other side Of 
3,329,918 
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around the gradient divider is controlled as to moisture 
e baffles 33-37 function as aerodynamic baffles to 
deflect and direct fluid flowing within the housing. The 
quarter-cylinder baffles 33-36 as disposed in the corners 
of the housing and having their axes in generally parallel 
relation with each other and with the axis of the semi- 
circular baffle 37 substantially eliminate turbulence and 
dead air spaces. The semi-cylindrical baffle 37 as project- 
ing downwardly into the desiccant chamber from the un- 
derside of the divider wall 24 forces the fluid to travel over 
and through the desiccant material deposited in the desic- 
cant chamber. The aerodynamic b’affles 33-37 thereby as- 
sure sufficient air circulation over the desiccant material 
and the resistors. 
It has been found that the removal of the moisture from 
the surfaces and interfaces of the resistors as taught by 
the present invention restores stability to the operation of 
high voltage divider systems over the entire metering 
range, particularly where the system is operating at volt- 
,age levels of 50 kilovolts and higher. It has been found 
that with the present system, inconsistencies in metered 
voltages are eliminted and the corona losses are decreased 
substantially. For example, in a series of tests performed 
at 100 kilovolts potential, corona losses, which are often 
as much as 160 micro-amperes in prior gradient divider 
systems, were reduced to 5 micro-amperes. 
The present system with the resinous, plastic housing 
provides a lightweight, low cost structure which seldom 
requires maintenance. Where the preferred Plexiglas, 
which is transparent, is utilized as the housing material, 
the color tracer property of the alumina, which shows pink 
when saturated with moisture, provides a facile, visual 
means of determining the condition of the system. 
The stability of operation provided by the present sys- 
tem can be seen from the graph in FIGURE 2. The 
broken line in the graph shows corona losses for a voltage 
range of 0 to 100 kilovolts when the resistors 46, 47 are 
in the open air or atmosphere and their environment is 
not controlled. As is shown by the broken line curve on 
the graph, the corona losses are erratic and result in 
erratic meter readings. In addition, the corona losses in- 
crease significantly over 85 kilovolts. As shown by the 
solid line curve, when the same gradient divider is sub- 
jected to a controlled atmosphere by the apparatus of the 
present invention the corona losses are decreased signifi- 
cantly. In addition, there is very little variation in the 
corona losses thereby providing stability to the entire 
system. It is further to be noted that there is no significant 
increase in the corona losses even over 85 kilovolts when 
a controlled environment is provided by the present meth- 
od and apparatus. 
Although the invention has been described in its pre- 
6 
ferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred 
form has been made only by way of example and that 
numerous changes in the details of construction and the 
5 combination and arrangement of parts may be resorted to 
without departing from the spirit and the scope of the 
invention as hereinafter claimed. 
What is claimed is: 
A high kilovoltage divider system for attenuating volt- 
a plurality of voltage dividing resistors connected in 
abutting relationship, 
a corona ring connected to said resistors at each of the 
interfaces at the abutting connections, 
circuit means connected to said resistors for supplying 
a high voltage above 50 kilovolts thereto, 
a vapor proof housing of a dielectric material enclos- 
ing said resistors and corona rings, 
an apertured wall within said housing for defining a 
first chamber containing said resistors and corona 
lings and a second chamber containing a desiccant 
material, said first and second chambers being in 
communication with one another through apertures 
in said wall, 
means for moving a fluid through said first and second 
chambers whereby moisture on said resistors is re- 
moved therefrom and carried to said desiccant, and 
aerodynamic baffles within said housing for deflecting 
and directing the flow of fluid through said chambers 
in a continuously circulating manner with a minimum 
of turbulence and disturbance. 
10 ages above 50 kilovolts comprising: 
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